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(37) ABSTRACT

A measuring system, comprising a surveying instrument for
projecting a laser beam by rotary irradiation and a photode-
tection sensor device installed at a measuring point, wherein
the surveying instrument comprises a first radio communica-
tion unit, the photodetection sensor device comprises a sec-
ond radio communication unit, and communication can be
performed between the surveying mstrument and the photo-
detection sensor device, wherein the surveying instrument
comprises an angle detecting means for detecting a horizontal
angle 1n a projecting direction of the laser beam and a first
arithmetic umt for controlling the angle detecting means
based on a recerving signal from the first radio communica-
tion unit, and the photodetection sensor device comprises a
photodetection unit for recerving the laser beam and a second
arithmetic unit for performing transmission of a photodetec-
tion notitying signal to notify the recerving of the laser beam
by the photodetection unit and also for performing transmis-
sion of a synchronization data by the second radio commu-
nication unit to the first radio communication unit, wherein
the first arithmetic unit calculates a horizontal angle of the
projection of the laser beam when the photodetection sensor
device recerves the laser beam based on the photodetection
notifying signal and the synchronization data.

9 Claims, 6 Drawing Sheets
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1
MEASURING SYSTEM

BACKGROUND OF THE INVENTION

The present mvention relates to a measuring system for
performing measurement on an object to be measured by
projecting a laser beam by rotary irradiation.

As one of the surveying devices, a type of surveying device
1s known, by which a pulsed light (distance measuring light)
for measuring distance 1s projected by rotary irradiation, and
a distance to an object to be measured 1s determined by
receiving and detecting a light reflected from the object to be
measured. This type of surveying device 1s advantageous in
that distances to a plurality of objects to be measured can be
determined at the same time. Also, 1n the measuring opera-
tion, 1n addition to the measurement of distance, 1t 1s neces-
sary to measure a position of the object to be measured 1n a
horizontal direction, 1.e. to measure a horizontal angle.

In a surveying device of rotary 1rradiation type, which has
been proposed 1n recent years, 1 addition to the distance
measuring light, a laser beam (a scanning light) 1s projected
by rotary 1rradiation for detecting an object to be measured or
to form a reference plane. The scanning light 1s a continuous
light. The surveying device comprises a protractor (e.g. an
encoder), which can continuously detect a horizontal angle 1n
the direction where the scanning light 1s projected. When the
scanning light 1s projected by rotary irradiation in the total
circumierence and passes through the object to be measured,
a reflection light (reflected scanning light) reflected from the
object to be measured 1s recerved and detected. By reading an
angle of the protractor at the time of detection, a horizontal
angle of the object to be measured 1s determined.

When the horizontal angle of the object to be measured 1s
detected, the distance measuring light 1s projected within a
range as required around the detected horizontal angle, and a
distance 1s measured.

This type of surveying device 1s based on the detection by
an optical system, which detects a reflection light from the
object to be measured. In this respect, the surveying device
must have structure including the need to have a photodetec-
tion optical system for the surveying device and must have
complicated design. Also, the reflection light must have a
light amount enough for the detection. On the other hand, the
scanning light, which 1s a continuous light, has a limitation 1n
the mtensity of 1rradiation from safety reason. Accordingly,
there 1s limitation 1n the distance for the purpose of confirm-
ing of the object to be measured and for the measurement of
angle.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a measur-
ing system, by which 1t 1s possible to confirm an object to be
measured and to perform the measurement of a horizontal
angle by using convenient communication means, and it 1s
also possible to reduce the cost.

To attain the above object, the measuring system according,
to the present mvention comprises a surveying instrument for
projecting a laser beam by rotary 1rradiation and a photode-
tection sensor device installed at a measuring point, wherein
the surveying istrument comprises a {irst radio communica-
tion unit, the photodetection sensor device comprises a sec-
ond radio communication unit, and communication can be
performed between the surveying instrument and the photo-
detection sensor device, wherein the surveying instrument
comprises an angle detecting means for detecting a horizontal
angle 1n a projecting direction of the laser beam and a first
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arithmetic unit for controlling the angle detecting means
based on a receiving signal from the first radio communica-
tion unit, and the photodetection sensor device comprises a
photodetection unit for receiving the laser beam and a second
arithmetic unit for performing transmission of a photodetec-
tion notifying signal to notify the recerving of the laser beam
by the photodetection unit and also for performing transmis-
sion of a synchronization data by the second radio commu-
nication unit to the first radio communication unit, wherein
the first arithmetic unit calculates a horizontal angle of the
projection of the laser beam when the photodetection sensor
device recerves the laser beam based on the photodetection
notifying signal and the synchronization data.

Also, the mvention provides a measuring system which
comprises a surveying instrument for projecting a laser beam
by rotary irradiation and a photodetection sensor device
installed at a measuring point, wherein the surveying instru-
ment comprises a {irst radio communication unit, the photo-
detection sensor device comprises a second radio communi-
cation unit, and communication can be performed between
the surveying imnstrument and the photodetection sensor
device, wherein the photodetection sensor device comprises a
photodetection unit for detecting the laser beam, a second
signal processing unit for preparing a photodetection notify-
ing signal based on the detection of the laser beam by the
photodetection unit, for synthesizing synchronization data
with the photodetection notitying signal, and for detecting the
synchronization data, and the second radio communication
unit for transmitting the photodetection notifying signal to the
surveying nstrument, and wherein the surveying instrument
comprises the first radio communication unit for receiving the
photodetection notifying signal and a first signal processing
unit for detecting synchronization data from the photodetec-
tion notilying signal, wherein the photodetection sensor
device detects the synchronization data and the synchroniza-
tion data 1s detected by the surveying instrument, and signal
processing 1s synchronized between the photodetection sen-
sor device and the surveying instrument.

Further, the mvention provides a measuring system as
described above, wherein the signal processing 1s signal pro-
cessing for detecting a horizontal angle, wherein the photo-
detection sensor device comprises a second time measuring
means, the second time measuring means measures a time AT
from the moment of the detection of the laser beam by the
photodetection unit to the moment of the transmission of
synchronization data of the transmitted photodetection noti-
tying signal, and the time AT 1s transmitted to the surveying
imstrument via the second radio communication unit, and
wherein the surveying instrument comprises a first time mea-
suring means, an angle detecting means for detecting a hori-
zontal angle associated with the time, and an arithmetic unit
for calculating the horizontal angle, wherein the first time
measuring means detects the time of detection of the synchro-
nization data, the arithmetic unit inversely calculates the time
AT from the detected time, calculates the time when the
photodetection unit detects the laser beam, and calculates the
horizontal angle by the angle detecting means at the time.

Also, the mvention provides a measuring system as
described above, wherein the surveying instrument has a dis-
tance measuring unit, a distance to the photodetection sensor
device 1s measured by the distance measuring unit, and an
error 1n the horizontal angle caused by time delay 1n propa-
gation time of the laser beam or in propagation time of the
photodetection notilying signal 1s compensated according to
the measured distance. Further, the invention provides a mea-
suring system as described above, wherein the surveying
instrument has a distance measuring unit, a distance to the
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photodetection sensor device 1s measured by the distance
measuring unit, and when the measured distance 1s more than
a predetermined value, an error 1n the horizontal angle due to
delay 1n propagation time of the laser beam or 1n propagation
time of the photodetection notifying signal 1s compensated.
Also, the invention provides a measuring system as described
above, wherein the photodetection sensor device transmits an
ID data to the surveying instrument, and the surveying instru-
ment associates the ID data with the horizontal angle so that
the photodetection sensor device can be i1dentified. Further,
the invention provides a measuring system as described
above, wherein the laser beam 1s a fan-shaped laser beam.
Also, the invention provides a measuring system as described
above, wherein test data 1s turther included in the photode-
tection notifying signal. Further, the invention provides a
measuring system as described above, wherein the 1D data 1s
added to the photodetection notifying signal.

According to the present invention, a measuring system
comprises a surveying instrument for projecting a laser beam
by rotary irradiation and a photodetection sensor device
installed at a measuring point, wherein the surveying instru-
ment comprises a {irst radio communication unit, the photo-
detection sensor device comprises a second radio communi-
cation unit, and communication can be performed between
the surveying instrument and the photodetectlon SeNsor
device, wherein the surveying instrument comprises an angle
detecting means for detecting a horizontal angle 1n a project-
ing direction of the laser beam and a first arithmetic unit for
controlling the angle detecting means based on a receiving
signal from the first radio communication unit, and the pho-
todetection sensor device comprises a photodetection unit for
receiving the laser beam, and a second arithmetic unit for
performing transmission of a photodetection notifying signal
to notily the receiving of the laser beam by the photodetection
unit and also for performing transmission of a synchroniza-
tion data by the second radio communication unit to the first
radio communication unit, wherein the first arithmetic unit
calculates a horizontal angle of the projection of the laser
beam when the photodetection sensor device receives the
laser beam based on the photodetection notifving signal and
the synchronization data. As a result, there 1s no need to have
synchronization at all times between the surveying instru-
ment and the photodetection sensor device. This makes it
possible to design the system 1n simple structure and arrange-
ment. Also, there 1s no need to maintain the stability with high
accuracy 1n clock signals of both of the surveying instrument
and the photodetection sensor device. Further, there 1s no
need to have continuous communication between the two
devices for synchronization. Also, high stability 1s not
required for the communication device. This means that a
clock signal generator with high accuracy is not needed and
high stability 1s also not required so much. The circuit con-
figuration 1s simple, and a horizontal angle can be measured
cach time from the reset condition, and 1t 1s possible to mea-
sure a horizontal angle with fewer error and with high reli-
ability.

According to the present invention, a measuring system
comprises a surveying instrument for projecting a laser beam
by rotary irradiation and a photodetection sensor device
installed at a measuring point, the surveying instrument coms-
prises a first radio communication unit, the photodetection
sensor device comprises a second radio communication unit,
and communication can be performed between the surveying
instrument and the photodetection sensor device, wherein the
photodetection sensor device comprises a photodetection unit
tor detecting the laser beam, a second signal processing unit
for preparing a photodetection notifying signal based on the
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detection of the laser beam by the photodetection unit, for
synthesizing synchronization data with the photodetection
notilying signal, and for detecting the synchronization data,
and the second radio communication unit for transmitting the
photodetection notifying signal to the surveying instrument,
and wherein the surveying instrument comprises the {first
radio communication unit for receiving the photodetection
notilying signal and a first signal processing unit for detecting
synchronization data from the photodetection notifying sig-
nal, wherein the photodetection sensor device detects the
synchronization data and the synchronization data is detected
by the surveying instrument, and signal processing 1s syn-
chronized between the photodetection sensor device and the
surveying instrument. As a result, there 1s no need to have
synchronization at all times between the surveying instru-
ment and the photodetection sensor device. This makes 1t
possible to design the system 1n simple structure and arrange-
ment. Also, there 1s no need to maintain the stability with high
accuracy 1n clock signals of both of the surveying instrument
and the photodetection sensor device. In other words, there 1s
no need to have continuous commumnication between the two
devices for synchronization. Also, high stability 1s not
required for the communication device. This means that a
clock signal generator with high accuracy is not needed and
high stability 1s also not required so much. As a result, the
circuit configuration 1s simple.

Further, according to the present invention, the signal pro-
cessing 1s signal processing for detecting a horizontal angle,
wherein the photodetection sensor device comprises a second
time measuring means, the second time measuring means
measures a time AT from the moment of the detection of the
laser beam by the photodetection unit to the moment of the
transmission ol synchronization data of the transmitted pho-
todetection notifying signal, and the time AT 1s transmitted to
the surveying imstrument via the second radio communication
unit, and wherein the surveying istrument comprises a first
time measuring means, an angle detecting means for detect-
ing a horizontal angle associated with the time, and an arith-
metic unit for calculating the horizontal angle, wherein the
first time measuring means detects the time of detection of the
synchronization data, the arithmetic unmit inversely calculates
the time AT {from the detected time, calculates the time when
the photodetection unit detects the laser beam, and calculates
the horizontal angle by the angle detecting means at the time.
Accordingly, a horizontal angle can be measured each time
from the reset condition, and it 1s possible to measure a
horizontal angle with fewer error and with high reliability.

Also, according to the present invention, the surveying
instrument has a distance measuring unit, a distance to the
photodetection sensor device 1s measured by the distance
measuring unit, and an error 1n the horizontal angle caused by
time delay in propagation time of the laser beam or 1n propa-
gation time of the photodetection notifying signal 1s compen-
sated according to the measured distance. Also, the surveying,
instrument has a distance measuring unit, a distance to the
photodetection sensor device 1s measured by the distance
measuring unit, and when the measured distance 1s more than
a predetermined value, an error 1n the horizontal angle due to
delay 1n propagation time of the laser beam or 1n propagation
time of the photodetection notifying signal 1s compensated.

Thus, 1t 1s possible to measure the horizontal angle with
high accuracy regardless of whether it 1s the measurement for
short distance or for long distance.

Also, according to the present invention, the photodetec-
tion sensor device transmits an ID data to the surveying
instrument, and the surveying instrument associates the 1D
data with the horizontal angle so that the photodetection
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sensor device can be 1dentified. As a result, by using a plural-
ity of photodetection sensor devices, measurement can be
made at the same time.

Further, according to the present invention, the laser beam
1s a fan-shaped laser beam. This makes the detection of the

photodetection sensor device much easier.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematical drawing to explain approximate
arrangement of a measuring system according to the mven-
tion;

FI1G. 2 1s a perspective view to explain general features of
the measuring system;

FIG. 3 1s a schematical drawing to show a case where a
scanning light 1s a plurality of fan-shaped laser beams
arranged 1n N-shaped form:;

FIG. 4 1s a drawing to explain the relation between the
scanning light 1n N-shaped arrangement and a photodetection
(light receiving) sensor device;

FI1G. 5 15 a schematical block diagram to show approximate
arrangement of a surveying instrument and the photodetec-
tion sensor device;

FI1G. 6 15 a schematical block diagram to show approximate
arrangement of a control arithmetic unit of the surveying
instrument and the photodetection sensor device; and

FI1G. 7 1s a drawing to show the relation of signals between
the photodetection sensor device and the surveying instru-
ment when a horizontal angle 1s measured.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Detailed description will be given below on the best mode
for carrying out the invention referring to the attached draw-
Ings.

First, referring to FIG. 1 and FIG. 2, description will be
given on general features of a measuring system, in which the
present invention 1s carried out.

In FIG. 1, reference numeral 1 denotes a surveying instru-
ment, and numeral 2 represents a photodetection sensor
device, which 1s an object to be measured.

The surveying instrument 1 comprises a reference plane
forming unit 3 and a distance measuring unit 4, and the
surveying instrument 1 1s installed at a known point. The
reference plane forming unit 3 projects at a constant speed a
scanning light S which 1s a continuous light by rotary irradia-
tion via a rotating unit 10. The distance measuring unit 4 can
project a distance measuring light 6, which 1s a pulsed light
beam, via the rotating unit 10 by rotary irradiation. A single
rotating unit 10 may be commonly used as the rotating unit of
the reference plane forming umit 3 and the rotating unit of the
distance measuring unit 4. Or, the rotating units 10 and 10 to
be driven independently from each other may be provided,
and the scanning light 5 and the distance measuring light 6
may be projected independently from each other.

The photodetection sensor device 2 receives and detects
the scanning light 5, and the result of the photodetection 1s
transmitted to the surveying mstrument 1. Then, the survey-
ing mstrument 1 detects the photodetection sensor device 2,
and by receiving and detecting the distance measuring light 6
reflected by the photodetection sensor device 2, distances to
the photodetection sensor devices 2 at a plurality of points can
be measured.

The reference plane forming unit 3 projects the scanning,
light § at a constant speed by rotary irradiation and forms a
horizontal reference plane 7 (see FIG. 3). The horizontal
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6

reference plane 7 1s a horizontal plane to be formed by the
center of the cross-section of the luminous flux of the scan-
ning light 5. The scanming light 5 1s composed of two or more
fan-shaped laser beams spreading in a vertical direction, and
at least one of the fan-shaped laser beams 1s tilted with respect
to the horizontal plane at a known angle. Because the scan-
ning light 5 has spreading in a vertical direction, the photo-
detection sensor device 2 can easily detect the scanning light
5 at positions 1 vertical (up-to-bottom) direction 1n wide
range.

In the FIG. 2, the scanming light 5 1s composed of three
fan-shaped laser beams, and the cross-section of the luminous
flux 1s in N-shaped form. As alaser device for projecting three
or more fan-shaped laser beams by rotary 1rradiation with one

of the laser beams tilted, a rotary laser device 1s proposed 1n
JP-A-2004-212058.

As shown 1n FIG. 3 and FIG. 4, when the scanning light 5
1s projected by rotary irradiation, and two or more fan-shaped
light beams 5a, 55 and 3¢ pass through the photodetection
sensor device 2, the photodetection sensor device 2 recerves
and detects two or more of the fan-shaped laser beams 5a, 5b
and 5c¢, and this causes time lags when the light beams are
received. By obtaining time difference between the moments
of light recerving (photodetection), an elevation angle to the
horizontal reference plane 7 can be obtained based on the time
difference and based on a tilt angle 0 of the tilted fan-shaped
laser beam. Also, based on the elevation angle, a tilt reference
plane can be set.

The scanning light 5 with the cross-section in N-shaped
form 1s projected by rotary irradiation, and a distance mea-
suring light 6 1s projected by rotary irradiation. And a distance
to the object to be measured 1s determined by recerving the
light reflected from the object to be measured. This type of a
surveying device 1s disclosed 1 JP-A-2006-337302. In this
surveying device, the distance measuring light 6 1s projected
by rotary 1rradiation, and distances to a plurality of photode-
tection sensor devices 2 can be measured at the same time.
Theretfore, based on the measured elevation angle and the
measured distance, the positions 1n the direction of height of
the objects to be measured, 1.e. the photodetection sensor
devices 2, can be determined.

For detecting and specitying the photodetection sensor
device 2, when the scanning light § 1s projected by rotary
irradiation and the photodetection sensor devices 2 receive
the scanning light 5, a photodetection notifying signal to
notily the photodetection (recerving) of the light 1s transmuit-
ted from the photodetection sensor device 2 to the surveying
istrument 1. By detecting an angle of the scanming light 5 1n
the projecting direction when the photodetection notifying
signal 1s received, 1.e. by detecting a horizontal angle, the
photodetection sensor device 2 can be specified and 1denti-
fied, and the detected horizontal angle 1s determined as a
position in a horizontal direction (1.e. horizontal angle) of the
photodetection sensor device 2.

As aresult, 1n the photodetection sensor device 2, an eleva-
tion angle 1s calculated. From the photodetection sensor
device 2, the calculated elevation angle and the photodetec-
tion notifying signal are transmitted to the surveying instru-
ment 1. At the surveying instrument 1, the distance 1s mea-
sured and three-dimensional position of the photodetection
sensor device 2 1s determined according to the received eleva-
tion angle and the detected horizontal angle.

The results of measurement obtained at the surveying
instrument 1 1s transmitted to the photodetection sensor
device 2 as necessary, and the result of measurement 1s stored
in the photodetection sensor device 2 as a position measure-
ment data of the photodetection sensor device 2.
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As described above, bi-directional communication 1s per-
formed between the surveying istrument 1 and the photode-
tection sensor device 2. As respective communication means,
the surveying mstrument 1 has aradio communication unit 17
(to be described later), and the photodetection sensor device 2
has a photodetection side radio communication unit 21 (to be
described later).

Next, referring to FIG. 5, description will be given below
on approximate arrangement of a measuring system, in which
the present invention 1s carried out. In the following, descrip-
tion will be given on a case where the scanning light 5 and the
distance measuring light 6 are projected by rotary rradiation
via a common rotating unit 10.

The surveying mstrument 1 primarily comprises the refer-
ence plane forming unit 3, the distance measuring unit 4, a
control arithmetic unit 8, a storage unit 9, an operation unit
11, arotating motor 12 for projecting the scanning light 5 and
the distance measuring light 6 by rotary irradiation, a refer-
ence plane forming drive unit 13 for driving the reference
plane forming unit 3, a distance measurement drive unit 14 for
driving the distance measuring unit 4, a motor drive unit 135
for driving the rotating motor 12, the radio communication
unit 17 for communicating with the photodetection sensor
device 2, and a protractor (e.g. an encoder) 16 for detecting
the projecting directions of the scanning light 5 and the dis-
tance measuring light 6. The driving of the reference plane
forming drive unit 13, the distance measurement drive unit 14
and the motor drive unit 15 1s controlled by the control arith-
metic unit 8. A horizontal angle detected by the encoder 16 1s
associated with the time when the horizontal angle 1s acquired
and 1s stored in the storage unit 9. The encoder 16 and a time
measuring means (to be describe later) make up together a
horizontal angle detecting means.

In the storage unit 9, various types of programs are stored,
1.€. a sequence program for driving the reference plane form-
ing drive unit 13, the distance measurement drive unit 14 and
the motor drive unit 15 to carry out the distance measurement
and angle measurement, a surveying program for executing
distance measurement and horizontal angle measurement,
and other programs are stored. Also, the measurement data
are stored and are kept 1n memory.

The photodetection sensor device 2 1s installed at a known
height on a pole 18 (see FIG. 1), and the photodetection
sensor device 2 primarily comprises a photodetection unit 19
for recerving the scanning light 5, and a reflector such as a
prism 20 for reflecting the distance measuring light 6, the
photodetection side radio communication unit 21 for per-
forming radio communication with the radio communication
unit 17 of the surveying instrument 1, a photodetection side
control arithmetic unit 22, a photodetection side storage unit
23, a photodetection side operation unit 24, and a photode-
tection side display unit 25. The photodetection side display
unit 25 may be designed as a touch panel so that the photo-
detection side display unit 25 can also fulfill the function of
the photodetection side operation unit 24.

The photodetection side radio communication unit 21 can
perform radio communication such as transmitting and
receiving ol data mutually to and from the photodetection
side radio communication unit 21 of another photodetection
sensor device 2.

Various types of programs are stored in the photodetection
side storage unit 23, and these programs include: a calculation
program for calculating an elevation angle based on photo-
detection time difference when a plurality of fan-shaped laser
beams are received, a calculation program for calculating a
position 1n height based on the elevation angle and the dis-
tance measurement data, a communication program for per-

10

15

20

25

30

35

40

45

50

55

60

65

8

forming radio communication with the surveying instrument
1, the other photodetection sensor device 2, and the radio
communication unit 17 via the photodetection side radio
communication unit 21, and an 1mage display program for
displaying contents of imnstruction, contents of operation, con-
tents of communication, etc. on the photodetection side dis-
play unit 25. Also, the measurement data transmitted from the
surveying instrument 1 and the measurement data obtained at
the photodetection sensor device 2 are stored and are kept in
memory.

Now, description will be given on generals outline of the
measuring operation.

The scanning light 5 1s projected from the reference plane
forming unit 3 by rotary 1rradiation. A horizontal reference
plane 1s formed, and the distance measuring light 6 1s pro-
jected from the distance measuring unit 4 by rotary irradia-
tion.

When the scanning light 5 passes through the photodetec-
tion unit 19, the photodetection unit 19 detects the scannming
light-5. The result of the photodetection 1s mputted to the
photodetection side control arithmetic unmit 22. The photode-
tection side control arithmetic umt 22 transmaits the fact that
the light 1s received as a photodetection notifying signal to the
radio communication unit 17 via the photodetection side
radio communication unit 21. The photodetection side con-
trol artthmetic unit 22 calculates an elevation angle based on
the result of photodetection, and the calculated elevation
angle 1s recorded 1n the photodetection side storage unit 23.

The radio communication unit 17 mnputs the recerving of
the photodetection notifying signal to the control arithmetic
unit 8. Then, the control arithmetic unit 8 reads a horizontal
angle from the encoder 16 when the signal 1s recerved and
measures the horizontal angle.

Based on the horizontal angle, the distance measurement
drive unit 14 1s controlled, and the range of projection of the
distance measuring light 6 1s controlled. The distance mea-
suring light retlected from the prism 20 1s recerved. Based on
the reflected distance measuring light, the distance measuring
unit 4 measures a distance to the photodetection sensor device
2. The result of measurement and the measured horizontal
angle are transmitted to the photodetection side radio com-
munication unit 21 via the radio communication unit 17, and
the photodetection side radio communication unit 21 mnputs
the result of distance measurement thus recerved to the pho-
todetection side control artthmetic unit 22.

The photodetection side control arithmetic unit 22 calcu-
lates the position 1n height of the photodetection sensor
device 2 based on the result of distance measurement thus
received and on the elevation angle. The calculation result of
the position 1n height, the elevation angle, the horizontal
angle, and the result of distance measurement are associated
with each other and are recorded 1n the photodetection side
storage unit 23.

The calculation result of the position 1n height and the
clevation angle are transmitted to the radio communication
umt 17 via the photodetection side radio communication unit
21. The results of measurement such as the position in height,
the elevation angle, etc. as recerved at the radio communica-
tion unit 17 are associated with the results of distance mea-
surement and the elevation angle and are recorded in the
storage unit 9.

The position 1n height, the elevation angle, the result of
distance measurement, and the result of measurement on the
horizontal angle and the like may be stored together 1n the
storage unit 9 or in the photodetection side storage unit 23. Or,
these may be recorded together in an external recording unat.
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In the process of measurement as described above, from
the receiving of the scanning light 5 by the photodetection
unit 19 up to the transmission of the photodetection notifying
signal from the photodetection side radio communication unit
21, time delay occurs from the reasons such as: the respon-
stveness of the photodetection unit 19, the delay on the circuit
ol the photodetection side radio commumnication unit 21, and
the time required for the preparation of the photodetection
notifying signal according to the program by the photodetec-
tion side control arithmetic unit 22.

Further, on the surveying instrument 1, too, time delay
occurs due to the processing time, which 1s required from the
receiving of the photodetection notifying signal by the radio
communication unit 17 up to the detection of the horizontal
angle.

Therelore, error occurs 1n the horizontal angle detected by
the encoder 16 at the moment when the photodetection noti-
tying signal from the photodetection side radio communica-
tion unit 21 1s recerved. The amount of error 1s obtained as a
value of the rotation speed of the scanning light 3 multiplied
by the time delay. The time delay caused by program process-
ing, which 1s one of the causes of the time delay, differs for
cach processing and 1s not constant.

For this reason, 1n order to detect accurate horizontal angle,
it 1s necessary to eliminate the error caused by time delay each
time the horizontal angle 1s measured. Further, in case the
distance between the surveying mstrument 1 and the photo-
detection sensor device 2 1s longer, €.g. 1n case 1t 1s 300 meters
or more, the transmission time (propagation delay time) of the
photodetection notifying signal between the photodetection
side radio communication unit 21 and the radio communica-
tion unit 17 would not be negligible.

According to the present invention, the error caused by
time delay 1s eliminated for each measurement, and accurate
horizontal angle can be measured.

Description will be given below on the measurement of the
horizontal angle according to the present invention referring,
to FIG. 5 to FIG. 7.

First, description will be given on the control arithmetic
unit 8. The control arithmetic unit 8 comprises an arithmetic
unit 28 typically represented by a CPU, a clock generator 29,
a pattern generator 31 for generating pattern data for synchro-
nization, and a signal processing unit 32 for processing sig-
nals for the purpose of transmission and for processing the
receiving signals so that the receiving signals can be pro-
cessed within the control arithmetic unit 8. The arithmetic
unit 28 has the function to integrate clock signals from the
clock generator 29 and to measure the time. The clock gen-
erator 29 and the arithmetic unit 28 make up together a time
measuring means.

The photodetection side control arithmetic unit 22 com-
prises a photodetection side arithmetic unit 34 typically rep-
resented by a CPU, a photodetection side clock generator 35,
a photodetection side pattern generator 36 for generating a
pattern signal for synchronization, and a photodetection side
signal processing unit 37 for processing signals for the pur-
pose of transmission and for processing the receiving signals
so that the receiving signals can be processed within the
photodetection side control arithmetic unit 22. The photode-
tection side arithmetic unit 34 has the function to integrate
clock signals from the photodetection side clock generator 35
and to measure the time. The photodetection side clock gen-
erator 35 and the photodetection side arithmetic unit 34 make
up together a time measuring means.

When the scanning light 5 1s projected from the reference
plane forming unmit 3 and the scanning light 5 1s received by
the photodetection unmit 19, a photodetection signal 41 1s
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1ssued. The photodetection signal 41 1s then turned to a pulse
by signal processing function of the photodetection unit 19
and 1t 1s outputted to the photodetection side arithmetic unit
34 as a photodetection signal detecting pulse 42. At the pho-
todetection side arithmetic unit 34, rise-up time of the pho-
todetection signal detecting pulse 42 1s acquired. Further, a
weilghted point of the photodetection signal 41 1s calculated,
and a time Ta at the weighted position 1s determined. The time
Ta can be determined as described below.

As shown 1n FIG. 7, the photodetection signal 41 rises up.
When 1t exceeds a predetermined threshold value, the photo-
detection signal detecting pulse 42 rises up, and a time T 1s
acquired. When the photodetection signal 41 goes down to a
level lower than the predetermined threshold value, the pho-
todetection signal detecting pulse 42 falls. In this case, the
photodetection signal 41 continues to be detected as long as
the period of the photodetection signal detecting pulse 42.
The weighted position 1s obtained by using an area or the like
of the photodetection signal 41, and a deviation of the
weilghted position from the time T 1s calculated. By using this
deviation, the time Ta can be obtained. Here, the area of the
photodetection signal 41 1s used, while the time Ta may be
obtained by finding the time of rise-up and the time of falling.

When the photodetection signal detecting pulse 42 1s gen-
erated, a pattern signal for synchronization is generated by the
photodetection side pattern generator 36, and 1t 1s transmitted
to the photodetection side signal processing unit 37. At the
photodetection signal processing unit 37, the data of the pat-
tern for synchronization 1s synthesized on a communication
signal 43 which 1s transmitted from the photodetection side
radio communication unit 21. The communication signal 43
1s transmitted from the photodetection side radio communi-
cation unit 21 to the radio communication unit 17.

In the communication signal, a test data 43a, a synchroni-
zation pattern data 435, and a photodetection notifying data
43¢ are included. Further, if there are two or more measure-
ment data such as elevation angles, positions 1n height, etc.
calculated by the photodetection side arithmetic unit 34, or 1f
there are two or more photodetection sensor devices 2, infor-
mation data such as identification signal (ID data) for identi-
tying the photodetection sensor devices 2 are added.

In FIG. 7, the test data 43a, the synchronization pattern
data 435, and the photodetection notitying data 43¢ 1n the
smallest unit are shown. The test data 43a, the synchroniza-
tion pattern data 435 and the photodetection notifying data
43¢ are 1n form of the signals 1n series. The synchronization
pattern data 435 1s arranged at a position other than the fore-
most portion of the communication signal 43, e.g. at an inter-
mediate portion as shown in the figure or at the rearmost
portion (not shown).

At the photodetection side signal processing unit 37, the
last part of the synchromization pattern data 435 1s detected. A
time pulse Tb 1s 1ssued at the last of the synchromization
pattern data 435. Then, an elapsed time ATX between the time
pulse Ta and the time pulse Tb 1s obtained. The elapsed time
ATX 1s transmitted to the radio communication unit 17 from
the photodetection side radio communication unit 21.

The communication signal 43 1s received at the radio com-
munication unit 17. The signal processing unit 32 can main-
tain or prepare a synchronization pattern data 435", which has
equal pattern to the pattern of the synchronization pattern data
43b, as a data for judgment. At the signal processing unit 32,
the recerved communication signal 43 1s compared with the
synchronization pattern data 435'. By pattern recognition, the
synchronization pattern data 435 in the communication signal
43 1s detected, and a time T'¢ at the control arithmetic unit 8 1s
acquired at the last of the synchronization pattern data 435.




US 7,633,609 B2

11

The time (the time calculated iversely) by subtracting the
clapsed time ATX from the time Tc 1s a time Ta' at the survey-
ing instrument 1 when the scanning light 5 1s detected at the
photodetection sensor device 2.

At the arithmetic unit 28, an angle signal obtained from the
encoder 16 1s associated with the time when the angle signal
1s 1ssued, and the result 1s recorded 1n the storage unit 9. By
acquiring the time Ta', 1t 1s possible to obtain a horizontal
angle OH when the photodetection sensor device 2 detects the
scanning light 5.

Specifically, if it 1s supposed that the time 'Ta' 1s between the
time T1 and the time T2 at the surveying mstrument 1, and
that horizontal angles detected by the encoder 16 at the time
T1 and the time T2 are 01 and 02 respectively, the horizontal
angle OH can be obtained from the following equation:

0H=(02-01)x(fa"-T1)/(12-T1)+01 (Equation 1)

In the synchronizing operation of the surveying instrument
1 and the photodetection sensor device 2, there 1s a time lag 1n
the time period when the photodetection sensor device 2
receives the scanning light 5 and prepares and transmits the
communication signal 43. Also, this time lag 1s not constant
and it varies each time. That 1s, the value of the elapsed time
ATX varies at each measurement.

According to the present invention, the horizontal angle 0H
1s obtained by calculating the elapsed time ATX at each mea-
surement. Accordingly, an accurate horizontal angle OH can
be measured despite of the error on the circuit or the error in
soltware processing. For the purpose of increasing the mea-
surement accuracy, it may be so designed that the value of the
horizontal angle OH 1s determined two or more times and an
average value 1s calculated.

In case there are provided two or more photodetection
sensor devices 2, 1D data added to the communication signal
43 1s 1dentified by means such as pattern recognition at the
signal processing unit 32, and the measured horizontal angle
1s associated with the ID data so that the photodetection
sensor device 2 can be identified. The measurement data, etc.
are associated with ID data and 1s turned to the data unique to
the photodetection sensor device 2, for which the identifica-
tion data can be specified by ID data. Then, the data 1s stored
in the storage unit 9. Or, 1t may be transmitted to the photo-
detection sensor device 2.

In the measurement of the horizontal angle as described
above, the horizontal angle 1s determined by assuming that
the time 1s negligible, 1.e. the time, in which the scanning light
5 reaches the photodetection sensor device 2 from the survey-
ing instrument 1, or the time, in which the communication
signal 43 reaches the Surveymg instrument 1 from the photo-
detection sensor device 2, 1s negligible. However, when a
distance between the surveying mstrument 1 and the photo-
detection sensor device 2 exceeds 300 meters, for 1nstance,
measurement error would appear. This distance differs
according to the measurement accuracy required for the mea-
suring system.

In this case, based on the results of distance measurement
measured at the distance measuring unit 4 and on light veloc-
ity, the reaching time of the scanning light 5 and the reaching
time of the communication signal 43 are obtained. By regard-
ing these values of time as delay time, the horizontal angle
obtained 1s compensated. Regarding the judgment as to
whether compensation should be made or not, a distance for
execution of compensation 1s set up depending on the mea-
surement accuracy required, and compensation 1s performed
when the measured distance exceeds the distance for execu-
tion of compensation. It may be so designed that the distance

10

15

20

25

30

35

40

45

50

55

60

65

12

for execution of compensation 1s not set up and the horizontal
angle 1s compensated at all times depending on the distance
measured.

In the embodiment of the invention as described above,
description has been given on a case where a plurality of
fan-shaped laser beams are projected by rotary irradiation.
However, when one fan-shaped laser beam or when a spot-
like laser beam 1s projected by rotary irradiation, the horizon-
tal angle can be measured 1n the same manner by synchroniz-
ing the surveying instrument 1 and the photodetection sensor
device 2.

As a medium for radio communication, electric communi-
cationmay be used, or optical communication may be used by
modulating the light and with signals superimposed on the
light.

Although bi-directional communication 1s described 1n the
present embodiment, um-directional communication may be
used. This can be applied when measurement 1s not made by
using two or more photodetection devices at the same time.

According to the present invention, there 1s no need to
synchronize the operation of the surveying mstrument 1 and
the photodetection sensor devices 2 at all times. Accordingly,
the stability with high accuracy may not necessarily be main-
tained 1n the clock signals of the surveying instrument 1 and
the photodetection sensor devices 2. Thus, there are such
elfects that continuous communication to maintain synchro-
nization between the two devices 1s not needed, and that high
stability of the communication devices 1s not required.

According to the present invention, the reflection light of
the scanning light 5 1s not used for the detection of the pho-
todetection sensor device 2. It will suffice 11 the intensity of
the scanning light 5 1s such an intensity that the scanning light
5 reaches the photodetection sensor device 2. This makes 1t
possible to decrease the intensity of the scanning light 5 or to
detect the photodetection sensor device 2 which 1s located at
long distance.

According to the present invention, radio communication
means are provided so that communication can be performed.
Thus, the photodetection sensor device can notily its presence
to the surveying mstrument. In this respect, the photodetec-
tion sensor device can join in the measuring operation or can
be separated from the measuring operation with no operator
assigned on the surveying instrument side.

What 1s claimed 1s:

1. A measuring system, comprising a surveying imstrument
for projecting a laser beam by rotary irradiation and a photo-
detection sensor device installed at a measuring point,
wherein said surveying instrument comprises a first radio
communication unit, said photodetection sensor device com-
prises a second radio communication unit, and communica-
tion can be performed between said surveying imnstrument and
said photodetection sensor device, wherein said surveying
istrument comprises an angle detecting means for detecting
a horizontal angle 1n a projecting direction of the laser beam
and a first arithmetic unit for controlling said angle detecting
means based on a receiving signal from said first radio com-
munication unit, and said photodetection sensor device com-
prises a photodetection unit for receiving the laser beam and
a second arithmetic unit for performing transmission of a
photodetection notilying signal to notily the receiving of the
laser beam by said photodetection unit and also for perform-
ing transmission of synchronization data including a signal
processing delay between said surveying instrument and said
photodetection sensor device by said second radio commu-
nication unit to said first radio communication unit, wherein
said first arithmetic unit calculates a horizontal angle of the
projection of the laser beam when said photodetection sensor
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device recerves the laser beam based on the photodetection
notifying signal and the synchronization data.

2. A measuring system, comprising a surveying instrument
for projecting a laser beam by rotary irradiation and a photo-
detection sensor device installed at a measuring point,
wherein said surveying instrument comprises a first radio
communication unit, said photodetection sensor device com-
prises a second radio communication unit, and communica-
tion can be performed between said surveying imstrument and
said photodetection sensor device, wherein said photodetec-
tion sensor device comprises a photodetection unit for detect-
ing the laser beam, a second signal processing unit for pre-
paring a photodetection notifying signal based on the
detection of the laser beam by the photodetection unit, for
synthesizing synchronization data including a signal process-
ing delay between said surveying instrument and said photo-
detection sensor device with the photodetection notifying
signal, and for detecting the synchronization data, and said
second radio communication unit for transmitting the photo-
detection notifying signal to said surveying instrument, and
wherein said surveying instrument comprises said first radio
communication unit for recerving the photodetection notity-
ing signal and said first signal processing unmit for detecting
synchronization data from the photodetection notilying sig-
nal, wherein said photodetection sensor device detects the
synchronization data and the synchronization data 1s detected
by said surveying instrument, and signal processing 1s syn-
chronized between said photodetection sensor device and
said surveying instrument so as to decrease said delay.

3. A measuring system according to claim 2, wherein the
signal processing 1s signal processing for detecting a horizon-
tal angle, wherein said photodetection sensor device com-
prises a second time measuring means, said second time
measuring means measures a time AT from the moment of the
detection of the laser beam by the photodetection unit to the
moment of the transmission of synchronization data of the
transmitted photodetection notifying signal, and the time A
1s transmitted to said surveying instrument via said second
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radio communication unit, and wherein said surveying instru-
ment comprises a first time measuring means, an angle detect-
ing means for detecting a horizontal angle associated with the
time, and an arithmetic unit for calculating the horizontal
angle, wherein said first time measuring means detects the
time of detection of the synchronization data, said arithmetic
unit inversely calculates the time AT from the detected time,
calculates the time when the photodetection umt detects the
laser beam, and calculates the horizontal angle by the angle
detecting means at said time.

4. A measuring system according to claim 3, wherein said
surveying instrument has a distance measuring unit, a dis-
tance to said photodetection sensor device 1s measured by
said distance measuring unit, and an error in the horizontal
angle caused by time delay 1n propagation time of the laser
beam or 1n propagation time of the photodetection notifying
signal 1s compensated according to the measured distance.

5. A measuring system according to claim 3, wherein said
surveying instrument has a distance measuring unit, a dis-
tance to said photodetection sensor device 1s measured by
said distance measuring unit, and when the measured distance
1s more than a predetermined value, an error in the horizontal
angle due to delay 1n propagation time of the laser beam or 1n
propagation time of the photodetection notifying signal 1s
compensated.

6. A measuring system according to claim 4, wherein said
photodetection sensor device transmits an ID data to said
surveying instrument, and said surveying instrument associ-
ates the ID data with the horizontal angle so that said photo-
detection sensor device can be 1dentified.

7. A measuring system according to claim 1 or 2, wherein
the laser beam 1s a fan-shaped laser beam.

8. A measuring system according to claim 1, 2 or 3,
wherein test data 1s further included 1n the photodetection
notifying signal.

9. A measuring system according to claim 6, wherein the
ID data 1s added to the photodetection notifying signal.
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